Pacs numbers:12.39. Ki, 11.30.Hv, 11.30.Qc, 12.15.Ff It is generally believed that the light pseudoscalars are Goldstone bosons of chiral U(3) × U(3) symmetry broken spontaneously by the vacuum. The small pseudoscalar masses are then obtained by putting in, by hand, small light quark masses, the origin of which come from interactions outside the domain of strong interactions.
It is generally believed that the light pseudoscalars are Goldstone bosons of chiral U(3) × U(3) symmetry broken spontaneously by the vacuum. The small pseudoscalar masses are then obtained by putting in, by hand, small light quark masses, the origin of which come from interactions outside the domain of strong interactions.
In this letter I present an alternative view, where the dominant part of the pseudoscalar masses come from the strong interaction themselves through quantum corrections and nonlinear self-consistency equations. As we shall see my new mechanism has a very strong predictive power, and one can, in principle, predict many meson masses from only a few parameters of the Lagrangian.
I use the well known linear sigma model [1] [2] [3] for N f = 2 or 3 and complete N f × N f scalar (s a ) and pseudoscalar (p a ) multiplets. At the tree-level the Lagrangian has the same flavour and chiral symmetries as massless QCD:
Here, for N f = 3, Σ is a 3 × 3 complex matrix, Σ = 
, which would, by hand, give the pseudoscalars mass and break the flavour and U A (1) symmetries already at this level.
As discussed in [4, 5] from fits to the scalar mesons one finds λ ≈ 16 and λ ′ ≈ 0, when the model was used as an effective theory with a symmetric 3-momentum cutoff 0.54 GeV/c.
From now on I neglect the λ ′ term, although in the discussion I shall temporarily turn it on, together with ǫ 0 and c. 
The m pa have vanished while the scalar nonet is massive and trilinear meson couplings have appeared. As is well known the linear sigma model is renormalizable, as first shown by
Lee [2] . The renormalizability of more general sigma models including symmetry breaking terms, have been discussed by many authors [7] . Here I use Eq. (1) as we shall see, my predicted mass ratios depend very weakly on the cutoff (cf. [6] ).
Consider now the quantum loops generated by the Lagrangian (1) In these loop integrals one needs the function gaps 1 , which can be defined with a three
Note that gaps is dimensionless and gaps(s, m 2 σ for the overall coupling, that these mass corrections (which we denote by the masses themselves) to to the 0 −+ masses and m
can be expressed entirely in terms of the gaps function:
The imaginary parts in Eq. (5) give finite widths to σ → ππ (note g
) and a 0 → πη, which are in accord with data, when the sharp cutoff is replaced by a smooth gaussian form factor as in [5] . Note also that m 2 of Eq.(1) and Λ 2 dependent terms cancel (such as A(0), which appear for m σ and m a 0 ), and that for ratios of the three quantities also g 2 and the logΛ dependence cancels. Numerically I have verified that these mass ratios are weakly dependent on Λ and λ. It is natural to let the experimental scalar masses and widths fix the scales, i.e. the three parameters. I chose them in accord with [4, 5] : λ = g 2 /(2m the gap equation in [10] ), while the asymmetric solution at x = 1 is stable. For the latter one can discard the explicitely symmetry breaking terms and λ ′ , i.e. put λ ′ = ǫ 0 = c = 0, since the same pseudoscalar masses are also generated from the quantum loops through the selfconsistency condition. One can chose other paths between the two solutions, but the conclusion remains the same, once λ ′ = 0 for the second solution.
Thus one finds that one can replace L ′ of Eq. (2) by another Lagrangian where one is closer to the true minimum of the effective potential including quantum effects. Then, after renormalizing also f π and shifting s 0 to the new quantum mechanical minimum one can replace Eq. (2) by
The vector current obtained from Eq. 
served only at the unstable classical point. After quantum corrections and shifting the scalar field to the new quantum mechanical minimum the axial divergence does not vanish. At the new stable point the mass terms generated for the pseudoscalar masses give a nonvanishing contribution, such that the axial triplet and singlet current obey standard PCAC relations:
η η, i.e. the same relations which one also obtains by inserting, by hand, explicit symmetry breaking terms into the Lagrangian. But in the new formalism these terms need not be not put in by hand, but are predicted from the theory through quantum corrections. Then from this point on the new formalism joins with the conventional formalism including PCAC and soft pion theorems.
What happened to the pseudoscalars as Goldstone bosons? One could argue that in analogy with the well known breaking of the UA(1) symmetry through the gluon anomaly [9] in QCD, which is also of quantum nature, and which gives the η ′ mass one should not expect Goldstone bosons. Then one should look at the pseudoscalars as Goldstone bosons only as a classical approximation at a nearby unstable point. The pseudoscalars are then, just as the scalars, normal hadrons dressed with clouds of multiquark pairs, whose masses are small because of the classical chiral symmetry at a nearby unstable point. The
Goldstone theorem seems violated, but one could argue that the would-be Goldstone bosons, via the Higgs mechanism, are converted into longitudinal vector bosons as in models [11] with hidden local symmetries. Whether these degreees of freedom are vector mesons as in [11] , confined ghosts or gluons I leave as an open question. Another possibility mentioned in [4] is that one interprets the physically realizable symmetry not as a continuos symmetry (cf. superselection rules [13] ), but as a discrete permutation symmetry of quark flavours, whereby the Goldstone theorem does not apply.
Another analogy is provided by the NH 3 molecule. As we learn in elementary quantum mechanics, the degeneracy of the two classical states obtained by reflecting the N atom through the H 3 plane is split by the quantum mechanical tunneling through the H 3 plane.
In a similar way, a uū state, both in a meson and in the vacuum, can tunnel via heavy multiquark intermediate states to dd in the nonplanar diagrams of Fig.3 . This splits the singlet-nonsinglet degeneracy, picks out the pure isospin states uū±dd, and contributes small quadratic terms, ∝ s 2 0 and ∝ [det Σ + Σ † ], to the effective potential [4] which, similarily as terms put in by hand, determines the true minimum of the effective potential. The "Mexican hat gets warped" [4] .
One can ask what makes the λ term of Eq. (1) and Fig. 1 special compared to the much more studied λ ′ term, which I have put zero, although it is required by renormalization and symmetry restoration.? One important feature may be that when inserting gluons into Fig. 1 and using Cutcosky rules, one then never cuts only gluon lines, and purely gluonic states are thus never on shell.
Clearly it would be interesting to verify my instability argument at the two-loop level,
i.e. to show that the chirally symmetric solution remains unstable and that the second asymmetric solution exists as shown in Fig.3 .
If my results could be generalized to QCD and my conjecture [12] proven that an effective s quark mass, different from that of u and d, can be generated this way, it would suggest that three of the light quark masses (nearly) vanish as is the case for the neutrinos, and a true quark-lepton symmetry for the masses would appear. Also my approach throws light on the "mysterious OZI rule" and on the strong CP problem. 
